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MANUFACTURING PROCESS, THE COLD SIDEWALL |
FORMED TO DEFINE A THERMAL STRESS RELIEF SLOT
FOR AT LEAST PARTIALLY ACCOMODATIRG A RELATIVE |
THERMAL EXPANSION BETWEEN THE HOT SIDE WALL |
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THERMAL STRESS RELIEFK OF A
COMPONENT

FIELD OF THE INVENTION

The present subject matter relates generally to a double-
walled component for a gas turbine engine.

BACKGROUND OF THE INVENTION

A gas turbine engine generally includes a fan and a core
arranged 1n flow communication with one another. Addi-
tionally, the core of the gas turbine engine general includes,
in serial tlow order, a compressor section, a combustion
section, a turbine section, and an exhaust section. In opera-
tion, air 1s provided from the fan to an inlet of the compres-
sor section where one or more axial compressors progres-
sively compress the air until 1t reaches the combustion
section. Fuel 1s mixed with the compressed air and burned
within the combustion section to provide combustion gases.
The combustion gases are routed from the combustion
section to the turbine section. The flow of combustion gasses
through the turbine section drives the turbine section and 1s
then routed through the exhaust section, e.g., to atmosphere.

The turbine section typically includes a plurality of
sequentially arranged stage(s) of turbine nozzles and turbine
rotor blades. In at least certain gas turbine engines, the
turbine nozzles and/or turbine rotor blades may be config-
ured as a double-walled airfoil. More particularly, the airfoil
may include a first wall exposed to the hot temperatures
within a hot gas path of the gas turbine engine, and a second,
interior wall spaced apart from the first wall. The second
wall 1s typically rigidly connected to the first wall through
one or more connection members.

During operation, however, a temperature of the first wall
may become substantially higher than a temperature of the
second wall. Given the temperature diflerential of the first
and second walls, and the rigid connection between the first
and second walls, and undesirable amount of thermal stress
may be generated within the airfoil. Accordingly, an airfoil
or other double-walled component capable of better accom-
modating a temperature diflerential between a pair of walls
would be useful. Further, an airfoil or other double-walled
component capable of accommodating a relative thermal
expansion between a pair of walls to minimize an amount of
thermal stress generated within the component would be
particularly beneficial.

BRIEF DESCRIPTION OF THE INVENTION

Aspects and advantages of the invention will be set forth
in part 1n the following description, or may be obvious from
the description, or may be learned through practice of the
invention.

In one exemplary embodiment of the present disclosure,
a component for a turbomachine 1s provided. The turboma-
chine defines i part a core air flowpath. The component
includes a hot side wall exposed to the core air flowpath, and
a plurality of connection walls. The component additionally
includes a cold side wall spaced from the hot side wall and
rigidly connected to the hot side wall through the plurality
of connection walls. The hot side wall, connection walls, and
cold side wall together define a cooling air cavity. The cold
side wall defines a thermal stress relief slot for at least
partially accommodating a relative thermal expansion
between the hot side wall and the cold side wall.
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In an exemplary aspect of the present disclosure, a method
for manufacturing a component for a gas turbine engine 1s
provided. The gas turbine engine defines 1n part a core air
flowpath. The method includes forming a hot side wall to be
exposed to the core air tlowpath, and forming a plurality of
connection walls. The plurality of connection walls are
rigidly connected to or formed integrally with the hot side
wall. The method also includes forming a cold side wall
using an additive manufacturing process. The cold side wall
1s rigidly connected to or formed integrally with the con-
nection walls. The cold side wall 1s spaced from the hot side
wall and defines a cooling air cavity together with the
connection walls and hot side wall. The cold side wall 1s
formed to define a thermal stress relief slot for at least
partially accommodating a relative thermal expansion
between the hot side wall and the cold side wall.

In another exemplary embodiment of the present disclo-
sure, a turbomachine 1s provided. The turbomachine
includes a turbine section defining 1n part a core air flow-
path. The turbomachine also includes a component. The
component includes a hot side wall exposed to the core air
flowpath, and a plurality of connection walls. The compo-
nent additionally includes a cold side wall spaced from the
hot side wall and nigidly connected to the hot side wall
through the plurality of connection walls. The hot side wall,
connection walls, and cold side wall together define a
cooling air cavity. The cold side wall defines a thermal stress
relief slot for at least partially accommodating a relative
thermal expansion between the hot side wall and the cold
side wall.

These and other features, aspects and advantages of the
present invention will become better understood with refer-
ence to the following description and appended claims. The
accompanying drawings, which are incorporated i and
constitute a part of this specification, illustrate embodiments
of the mvention and, together with the description, serve to
explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

A full and enabling disclosure of the present invention,
including the best mode thereof, directed to one of ordinary
skill 1n the art, 1s set forth in the specification, which makes
reference to the appended figures, 1n which:

FIG. 1 1s a schematic cross-sectional view of an exem-
plary gas turbine engine according to various embodiments
of the present subject matter.

FIG. 2 1s a close-up, side view of a combustion section
and a turbine section of the exemplary gas turbine engine of
FIG. 1.

FIG. 3 1s a perspective view of a rotor blade section 1n
accordance with an exemplary embodiment of the present
disclosure, the exemplary rotor blade section being config-
ured for a rotor blade stage of the exemplary gas turbine
engine of FIG. 1.

FIG. 4 1s a top, cross-sectional view of the exemplary
rotor blade section of FIG. 3.

FIG. 5 1s a plane view of a cold side wall of the rotor blade
section of FIG. 3, from an interior portion of the exemplary
rotor blade section.

FIG. 6 15 a plane view of a cold side wall of a rotor blade
section 1n accordance with another exemplary embodiment
of the present disclosure, from an interior portion of the
exemplary rotor blade section.

FIG. 7 1s a plane view of a cold side wall of a rotor blade
section 1n accordance with yet another exemplary embodi-
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ment of the present disclosure from an interior portion of the
exemplary rotor blade section.

FIG. 8 15 a flow diagram of a method for manufacturing
a component for a gas turbine engine.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Reference will now be made 1n detail to present embodi-
ments of the invention, one or more examples of which are
illustrated 1n the accompanying drawings. The detailed
description uses numerical and letter designations to refer to
features 1n the drawings. Like or similar designations in the
drawings and description have been used to refer to like or
similar parts of the invention. As used herein, the terms
“first”, “second”, and “third” may be used interchangeably
to distinguish one component from another and are not
intended to signify location or importance of the individual
components. The terms “upstream™ and “downstream” refer
to the relative direction with respect to fluid flow 1n a fluid
pathway. For example, “upstream™ refers to the direction
from which the fluid flows, and “downstream” refers to the
direction to which the fluid tlows.

Referring now to the drawings, wherein 1dentical numer-
als 1indicate the same elements throughout the figures, FIG.
1 1s a schematic cross-sectional view of a turbomachine 1n
accordance with an exemplary embodiment of the present
disclosure. More particularly, for the embodiment of FIG. 1,
the turbomachine 1s configured as a gas turbine engine, or
rather as a high-bypass turbofan jet engine 12, referred to
herein as “turbofan engine 12.” As shown in FIG. 1, the
turbofan engine 12 defines an axial direction A (extending
parallel to a longitudinal centerline 13 provided for refer-
ence), a radial direction R, and a circumierential direction
(not shown) extending about the axial direction A. In gen-
eral, the turbofan 12 includes a fan section 14 and a core
turbine engine 16 disposed downstream from the fan section
14.

The exemplary core turbine engine 16 depicted generally
includes a substantially tubular outer casing 18 that defines
an annular inlet 20. The outer casing 18 encases and the core
turbine engine 16 includes, 1n serial flow relationship, a
compressor section including a booster or low pressure (LP)
compressor 22 and a high pressure (HP) compressor 24; a
combustion section 26; a turbine section including a high
pressure (HP) turbine 28 and a low pressure (LP) turbine 30;
and a jet exhaust nozzle section 32. A high pressure (HP)
shaft or spool 34 drivingly connects the HP turbine 28 to the
HP compressor 24. A low pressure (LP) shaft or spool 36
drivingly connects the LP turbine 30 to the LP compressor
22. Accordingly, the LP shaft 36 and HP shait 34 are each
rotary components, rotating about the axial direction A
during operation of the turbofan engine 12.

Referring still to the embodiment of FIG. 1, the fan
section 14 includes a variable pitch fan 38 having a plurality
of fan blades 40 coupled to a disk 42 1n a spaced apart
manner. As depicted, the fan blades 40 extend outwardly
from disk 42 generally along the radial direction R. Each fan
blade 40 1s rotatable relative to the disk 42 about a pitch axis
P by virtue of the fan blades 40 being operatively coupled to
a suitable pitch change mechanism 44 configured to collec-
tively vary the pitch of the fan blades 40 1n umison. The fan
blades 40, disk 42, and pitch change mechanism 44 are
together rotatable about the longitudinal axis 12 by LP shatt
36 across a power gear box 46. The power gear box 46
includes a plurality of gears for adjusting the rotational
speed of the fan 38 relative to the LP shait 36 to a more
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cilicient rotational fan speed. More particularly, the fan
section 1ncludes a fan shait rotatable by the LP shait 36
across the power gearbox 46. Accordingly, the fan shaft may
also be considered a rotary component, and 1s similarly
supported by one or more bearings.

Referring still to the exemplary embodiment of FIG. 1,
the disk 42 1s covered by a rotatable front hub 48 acrody-
namically contoured to promote an airflow through the
plurality of fan blades 40. Additionally, the exemplary fan
section 14 includes an annular fan casing or outer nacelle 50
that circumierentially surrounds the fan 38 and/or at least a
portion of the core turbine engine 16. The exemplary nacelle
50 1s supported relative to the core turbine engine 16 by a
plurality of circumierentially-spaced outlet guide vanes 52.
Moreover, a downstream section 54 of the nacelle 50
extends over an outer portion of the core turbine engine 16
so as to define a bypass airflow passage 56 therebetween.

During operation of the turbofan engine 12, a volume of
air 58 enters the turbofan 12 through an associated inlet 60
ol the nacelle 50 and/or fan section 14. As the volume of air
58 passes across the fan blades 40, a first portion of the air
58 as indicated by arrows 62 1s directed or routed into the
bypass airtlow passage 56 and a second portion of the air 38
as mdicated by arrow 64 1s directed or routed into the core
air tlowpath 37, or more specifically into the LP compressor
22. The ratio between the first portion of air 62 and the
second portion of air 64 1s commonly known as a bypass
ratio. The pressure of the second portion of air 64 1s then
increased as 1t 1s routed through the high pressure (HP)
compressor 24 and into the combustion section 26, where 1t
1s mixed with fuel and burned to provide combustion gases
66.

The combustion gases 66 are routed through the HP
turbine 28 where a portion of thermal and/or kinetic energy
from the combustion gases 66 1s extracted via sequential
stages of HP turbine stator vanes 68 that are coupled to the
outer casing 18 and HP turbine rotor blades 70 that are
coupled to the HP shaft or spool 34, thus causing the HP
shaft or spool 34 to rotate, thereby supporting operation of
the HP compressor 24. The combustion gases 66 arc then
routed through the LP turbine 30 where a second portion of
thermal and kinetic energy 1s extracted from the combustion
gases 66 via sequential stages of LP turbine stator vanes 72
that are coupled to the outer casing 18 and LP turbine rotor
blades 74 that are coupled to the LP shaft or spool 36, thus
causing the LP shait or spool 36 to rotate, thereby supporting
operation of the LP compressor 22 and/or rotation of the fan
38.

The combustion gases 66 are subsequently routed through
the jet exhaust nozzle section 32 of the core turbine engine
16 to provide propulsive thrust. Simultaneously, the pressure
of the first portion of air 62 1s substantially increased as the
first portion of air 62 1s routed through the bypass airtlow
passage 56 before 1t 1s exhausted from a fan nozzle exhaust
section 76 of the turbofan 12, also providing propulsive
thrust. The HP turbine 28, the LP turbine 30, and the jet
exhaust nozzle section 32 at least partially define a hot gas
path 78 for routing the combustion gases 66 through the core
turbine engine 16.

It should be appreciated, however, that the exemplary
turbofan engine 12 depicted 1n FIG. 1 1s provided by way of
example only, and that 1n other exemplary embodiments, the
turbofan engine 12 may have any other suitable configura-
tion. It should also be appreciated, that 1n still other exem-
plary embodiments, aspects of the present disclosure may be
incorporated into any other suitable gas turbine engine. For
example, 1 other exemplary embodiments, aspects of the
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present disclosure may be incorporated into, e.g., a turbo-
prop engine, a turboshaft engine, or a turbojet engine.
Further, in still other embodiments, aspects of the present
disclosure may be incorporated into any other suitable
turbomachine, including, without limitation, a steam tur-
bine, a centrifugal compressor, and/or a turbocharger.

Referring now to FIG. 2, a close-up, cross-sectional view
1s provided of the turbofan engine 12 of FIG. 1, and
particularly of the combustion section 26 and the HP turbine
28 of the turbine section. The combustion section 26
depicted generally includes a combustor 79 having a com-
bustion chamber 80 defined by an inner liner 82 and an outer
liner 84, the combustion chamber 80 extending generally
along the axial direction A from a forward end 86 to an aft
end 88. A plurality of fuel nozzles 90 are positioned at the
torward end 86 of the combustion chamber 80 for providing
the combustion chamber 80 with a mixture of fuel and
compressed air from the compressor section. As discussed
above, the fuel and air mixture 1s combusted within the
combustion chamber 80 to generate a flow of combustion
gasses therethrough.

Downstream of the combustion section 26, the HP turbine
28 includes a plurality of turbine component stages, each
turbine component stage comprising a plurality of turbine
component sections. More particularly, for the embodiment
depicted, the HP turbine 28 includes a plurality of turbine
nozzle stages, as well as one or more stages of turbine rotor
blades. Specifically, for the embodiment depicted, the HP
turbine 28 includes a first turbine nozzle stage 92 and a
second turbine nozzle stage 94, each configured to direct a
flow of combustion gasses therethrough. The first turbine
nozzle stage 92 includes a plurality of turbine nozzle sec-
tions 96 spaced along a circumierential direction C (a
direction extending about the axial direction A; see FIG. 3).
Notably, the first turbine nozzle stage 92 1s located 1imme-
diately downstream from the combustion section 26, and
thus may also be referred to as a combustor discharge nozzle
stage having a plurality of combustion discharge nozzle
sections. Additionally, for the exemplary embodiment
depicted, the second turbine nozzle stage 94 also includes a
plurality of turbine nozzle sections 98 spaced along the
circumierential direction C.

Each of the turbine nozzle sections 96, 98 forming the first
and second turbine nozzle stages 92, 94 includes a turbine
nozzle 100 positioned within the core air flowpath 37,
exposed to and at least partially defiming the core air
flowpath 37. The turbine nozzle 100 1s configured as an
airfoil. The turbine nozzle sections 96, 98, also include an
endwall, or more particularly, an imner endwall 102 and an

outer endwall 104. The nozzle 100 extends generally along
the radial direction R from the inner endwall 102 to the outer
endwall 104. The turbine nozzle 100, inner endwall 102, and
outer endwall 104 each include a flowpath surface 106 at
least partially exposed to the core air tlowpath 37.
Located immediately downstream of the first turbine
nozzle stage 92 and immediately upstream of the second
turbine nozzle stage 94, the HP turbine 28 includes a first
turbine rotor blade stage 108. The first turbine rotor blade
stage 108 1ncludes a plurality of turbine rotor blade sections
110 spaced along the circumierential direction C and a first
stage rotor disk 112. The plurality of turbine rotor blade
sections 110 are attached to the first stage rotor disk 112, and
although not depicted, the turbine rotor disk 112 1s, in turn,
connected to the HP shait 34 (see FIG. 1). The turbofan

engine 12 additionally includes a shroud 113 exposed to and
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at least partially defining the core air flowpath 37. The
shroud 113 1s configured to form a seal with the first turbine
rotor blade stage 108.

Referring now also to FIG. 3, providing a perspective
view of one of the plurality of turbine rotor blade sections
110, each of the plurality of turbine rotor blade sections 110
includes a turbine rotor blade 114, a wall or platform 116,
and a base 118. The rotor blade 114 1s also configured as an
airfoil, and extends outwardly along a spanwise direction (or
rather, along the radial direction R when 1nstalled) to define
a spanwise height S. Specifically, the rotor blade 114 extends
along the radial direction R from a radially inner end 115 at
the platform 116 to a tip 120 of the rotor blade 114. As will
be appreciated, the tip 120 of the rotor blade 114 i1s config-
ured to form a seal with the shroud 113 (see FIG. 2).

Additionally, the turbine rotor blade 114 defines a leading
edge 122 and an opposite trailing edge 124, as well as a
pressure side 126 and an opposite suction side 128. During
operation, hot combustion gases are generated 1n the com-
bustion section and flow 1n a downstream direction D (see
FIG. 2) over the turbine rotor blades 114, the turbine rotor
blades 114 extracting energy thereirom for rotating the rotor
disk 112 supporting the rotor blades 114, which may 1n turn
rotate the HP shait 34.

As 1s also depicted, the turbine rotor blade 114 addition-
ally includes one or more thermal management features, or
more particular, includes a plurality of cooling holes 130.
For the exemplary rotor blade 114 depicted, the rotor blade
114 defines a plurality of cooling holes 130 extending along
the spanwise height S of the rotor blade 114 at the leading
edge 122, a plurality of cooling holes 130 extending along
the spanwise height S of the rotor blade 114 at the trailing
edge 122, and a plurality of other cooling holes 130 extend-
ing along the spanwise height S on the pressure side 126.
Although not depicted, the rotor blade 114 may also include
a plurality of cooling holes 130 extending along the span-
wise height S of the rotor blade 114 on the suction side 128.

Referring now also to FIG. 4, providing a cross-sectional
view of the exemplary turbine rotor blade 114 of FIG. 3, the
turbine rotor blade 114 1s configured as a double-walled
airfo1l. More particularly, the turbine rotor blade 114 gen-
erally includes a body section 132 and a trailing edge section
134. The body section 132 of the turbine rotor blade 114 1s
formed of two substantially parallel walls. For example, the
exemplary turbine rotor blade 114 depicted includes a hot
side wall 136 exposed to the core air flowpath and a cold side
wall 138 spaced from the hot side wall 136 and positioned
within the turbine rotor blade 114. The rotor blade 114
additionally includes a plurality of connection walls 140,
with the cold side wall 138 rigidly connected to the hot side
wall 136 through the plurality of connection walls 140.

As 15 also depicted, the exemplary turbine rotor blade 114
defines a core cavity 142 and a plurality of cooling air
cavities 144. The hot side wall 136, connection walls 140,
and cold side wall 138 together define the plurality of
cooling air cavities 144.

Referring now to FIG. §, an 1nside view of a section of the
rotor blade 114 of FIG. 4 1s provided, taken along Line 5-5
of FIG. 4. More particularly, FIG. 5 provides a plane view
of the cold side wall 138 from the core cavity 142 of the
turbine rotor blade 114, from the radially inner end 1135
where the rotor blade 114 1s attached to the platform 116 to
the tip 120 of the rotor blade 114.

As 1s depicted, the exemplary cold side wall 138 depicted
additionally includes a plurality of impingement holes 146
to allow a cooling airflow from the core cavity 142 into the
cooling air cavity 144. Although not depicted, in certain
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embodiments, the cooling airflow may be provided to the
cooling air cavities 144 additionally, or alternatively, from
around an end of the cold side wall 138, such as through a
root or from a tip of the cold side wall 138. Accordingly, in
certain embodiments, the cold side wall 138 may not include
the impingement holes 146. Regardless, during operation of
the turbofan engine 12, a cooling airflow may be provided
through, e.g., the base 118 of the rotor blade section 110 (see
FIG. 3), to the core cavity 142, and from the core cavity 142
to one or more of the cooling air cavities 144. As discussed
above, the hot side wall 136 additionally defines the plurality
of cooling holes 130. The plurality of cooling holes 130
defined by the hot side wall 136 may be configured for
allowing the cooling airflow from the cooling air cavity 144
to flow through the hot side wall 136 to provide a cooling
film along an exterior surface of the rotor blade 114.

As will be appreciated, during operation of the turbofan
engine 12, the hot side wall 136 will be exposed to the
relatively high temperatures within the core air tlowpath. By
contrast, the cold side wall 138 will be exposed on one side
to the core cavity 142 and on the other side to the cooling air
cavity 144. Accordingly, during operation a temperature of
the cold side wall 138 may be substantially less than a
temperature of the hot side wall 136. Moreover, the inventor
of the present disclosure has discovered that as the cold side
wall 138 i1s nigidly connected to the hot side wall 136
through the various connection walls 140, a temperature
differential between the cold side wall 138 and hot side wall
136 may cause an undesirable amount of thermal stress 1n
one or both of the hot side wall 136 or the cold side wall 138.

In order to relieve at least some of such thermal stress, the
cold side wall 138 defines a thermal stress relief slot 148.
Inclusion of the stress relietf slot 148 allows the cold side
wall 138 to at least partially accommodate relative thermal
expansion between the hot side wall 136 and cold side wall
138 with less thermal stress in the components.

For the embodiment of FIG. 5, the hot side wall 136
extends along the entire spanwise height S of the rotor blade
114 and the cold side wall 138 extends at least substantially
along the entire spanwise height S of the rotor blade 114. For
example, the hot side wall 136 extends from the radially
inner end 115 of the rotor blade 114 to the tip 120 of the rotor
blade 114, and the cold side wall 138 extends from the
radially inner end 115 of the rotor blade 114 substantially to
the tip 120 of the rotor blade 114. It should be appreciated,
however, that in other embodiments, the cold side wall 138
(and cooling air cavity 144 ) may not extend entirely from the
radially mner end 115 to the tip 120 of the rotor blade 114.

For the embodiment depicted, the thermal stress reliet slot
148 defined by the cold side wall 138 also extends 1n a
direction parallel to the spanwise height S of the rotor blade
114 (1.e., along the spanwise direction/radial direction R).
Additionally, for the embodiment depicted the thermal stress
reliet slot 148 extends continuously and substantially along,
an entirety of the spanwise height S of the rotor blade 114.
More particularly, for the embodiment depicted, the thermal
stress relief slot 148 defines a length 152, the length 152
being substantially equal to the spanwise height S of the
rotor blade 114. It should be appreciated, that as used herein,
terms ol approximation, such as “about” or “substantially,”
refers to being within a 10% margin of error.

Furthermore, as 1s also depicted i FIG. 5, each of the
connection walls 140 also extend in a direction parallel to
the spanwise height S of the rotor blade 114 (1.e., along the
spanwise direction/radial direction R). Additionally, for the
embodiment depicted, the thermal stress relief slot 148 1s
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defined by the cold side wall 138 at a location substantially
equidistant between two adjacent connection walls 140.

As previously discussed, the cold side wall 138 addition-
ally defines a plurality of impingement holes 146 for pro-
viding an airflow communication between the core cavity
142 and the cooling air cavities 144. Although the impinge-
ment holes 146 provide an opening through the cold side
wall 138, the impingement holes 146 do not provide a
meanmgful thermal stress relief. Additionally, although the
thermal stress relief slot 148 provides an opening through
the cold side wall 138, the thermal stress relief slots 148 do
not provide substantial airflow communication between the
core cavity 142 and the cooling air cavity 144. For example,
the thermal stress relief slot 148 defines a width 150 1n a
direction perpendicular to the direction 1n which 1t extends.
In certain embodiments, the width 150 of the thermal stress
relief slot 148 may be less than about one (1) millimeters
(“mm”). Preterably, however, the width 150 of the thermal
stress relief slot 148 may be less than about one-half (0.5)
mm, less than about one-fourth (0.235) mm, or less than about
one-tenth (0.1) mm. For example, 1n certain exemplary
embodiments, the width 150 of the stress release slot 148
may be less than or equal to about 0.025 mm.

Notably, for the embodiment depicted, the thermal stress
relief slot 148 defines a substantially constant width 1350
along the entire length 152 of the slot 148. However, 1in other
embodiments, the cold side wall 138 may instead define a
variable width 150 stress release slot 148 based on an
anticipated amount of expansion/thermal stress of the com-
ponents.

It should also be appreciated, that in other exemplary
embodiments, the cold side wall 138 may define any other
suitable thermal stress reliet slot(s) 148. For example, refer-
ring now to FIG. 6, an inside view/plane view 1s provided of
a cold side wall 138 from a core cavity 142 of a turbine rotor
blade 114 1n accordance with another exemplary embodi-
ment of the present disclosure. The turbine rotor blade 114
depicted in FIG. 6 may be configured 1n substantially the
same manner as exemplary turbine rotor blade 114 described
above with reference to FIG. 5. Accordingly, the same or
similar numbering may refer to same or similar part.

However, for the embodiment of FIG. 6, the cold side wall
138 further defines a plurality of thermal stress relief slots
148. Each of the plurality of thermal stress relief slots are
aligned and extend 1n a direction parallel to a spanwise
height S of the rotor blade 114. Further, the plurality thermal
stress relief slots 148 together extend substantially along the
entire spanwise height S of the rotor blade 114. More
particularly, each of the thermal stress relief slots 148 define
a length 152, and the sum of the lengths 152 of the aligned
thermal stress relief slots 148 1s substantially equal to the
spanwise height S of the rotor blade 114. Accordingly,
although there are breaks 154 between adjacent stress relief
slots 148, the plurality thermal stress relief slots 148 may
still provide a desired amount of thermal stress relief during,
operation of the turbofan engine 12. Despite there being a
plurality of stress relief slots 148, the stress release slots 148
depicted may in other respects be configured 1n the same
manner as exemplary stress release slots 148 defined by the
cold side wall 138 described above.

Further, 1n still other exemplary embodiments the present
disclosure, the cold side wall 138 may define any other
suitable form of stress relief slots 148. For example, refer-
ring now to FIG. 7, an mside view/plane view 1s provided of
a cold side wall 138 from a core cavity 142 of a turbine rotor
blade 114 1n accordance with still another exemplary
embodiment of the present disclosure. The turbine rotor
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blade 114 depicted in FIG. 7 may also be configured in
substantially the same manner as exemplary turbine rotor
blade 114 described above with reference to FIG. 5. Accord-
ingly, the same or similar numbering may also refer to the
same or similar part.

For the embodiment of FIG. 7, the cold side wall 138 also
defines a plurality of thermal stress relief slots 148. How-
ever, one or more of the stress relief slots 148 defined by the
exemplary cold side wall 138 of FIG. 7 do not extend in a
direction parallel to the spanwise height S of the rotor blade
114 (1.e. the radial direction R), and instead extend in a
direction perpendicular to the spanwise height S of the rotor
blade 114. For the embodiment depicted, the thermal stress
reliet slots 148 extending in a direction perpendicular to the
spanwise height S of the rotor blade 114 extend substantially
between adjacent connection walls 140 (depicted 1n phan-
tom). More particularly, for the embodiment depicted, the
adjacent connection walls 140 define a separation distance
156 therebetween, and a length 152 of the thermal stress
reliet slot 148 extending 1n a direction perpendicular to the
spanwise height S of the rotor blade 114 1s substantially
equal to the separation distance 156.

Notably, the exemplary embodiment of FIG. 7 addition-
ally includes one or more slanted thermal stress relief slots
148 defining an angle 158 with the direction parallel to the
spanwise height S of the rotor blade 114 (i.e., the radial
direction R). The angle 158 1s greater than zero degrees (0°)
and less than ninety degrees (90°). Particularly, for the
embodiment depicted, the slanted thermal stress relief slots
148 define an angle 158 with the direction parallel to the
spanwise height S of the rotor blade 114 (i1.e., the radial
direction R) of about forty-five degrees (45°). Notably, these
slanted thermal stress relief slots 148 defined by the cold
side wall 138 also extend substantially between adjacent
connection walls 140 (depicted 1n phantom).

Moreover, the exemplary embodiment of FIG. 7 addition-
ally includes one or more thermal stress relief slots 148
having stress relief slots 148 defined integrally at one or both
terminating ends. Specifically, the embodiment of FIG. 7
includes a first stress relief slot 148 A extending 1n a direction
parallel to the spanwise height S, with a second stress relief
slot 148B defined integrally at a first terminal end and a third
stress relief slot 148C defined integrally at a second terminal
end. The slots 1488, 148C at the terminal ends may be
orthogonal to the first stress relief slot 148A. Such a con-
figuration may minimize a risk of the slots 148 generating
and propagating cracks in the cold side wall 138.

A component for a gas turbine engine including a cold
side wall defining a thermal stress relief slot 1n accordance
with one or more embodiments of the present disclosure
may allow for a component to include less thermal stress
during operation of the gas turbine engine. More particu-
larly, a component for a gas turbine engine including a cold
side wall defining a thermal stress relief slot 1n accordance
with one or more embodiments of the present disclosure
may allow for the component to include the double walled
configuration as 1s desirable 1n certain components, without
necessarily including increased thermal stress within the
component due to the ievitable temperature differentials
between the cold side wall and a hot side sidewall.

It should be appreciated, however, that the various exem-
plary thermal stress relief slots 148 defined by the cold side
walls 138 described above with reference to FIGS. 4 through
7 are provided by way of example only. In other exemplary
embodiments, the thermal stress relief slots 148 defined by
the cold side wall 138 may have any other suitable shape,
s1ze, or configuration for providing a thermal stress relief for
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the component. For example, in other embodiments, the
thermal stress relief slots 148 may define a zig-zag shape, a
curved shape, or any other suitable shape. Additionally, or
alternatively, the slots 148 may define an angle through a
thickness (1.¢., 1n a direction from the core air cavity 142 to
the cooling air cavity 144, as shown in FIG. 4).

Further, in light of the above benefits, 1t should be
appreciated that in still other embodiments, the component
including a cold side wall 138 configured in accordance with
one or more embodiments described herein may instead be
any other component for a gas turbine engine having a
double-walled configuration. For example, in other exem-
plary embodiments, the component may be a nozzle section
of a nozzle stage 1n a turbine section of the gas turbine
engine. For example, the component may be a nozzle of the
nozzle section and/or an end wall of the nozzle section (e.g.,
nozzle 100, and endwalls 102, 104). Additionally, or alter-
natively, the component may be a shroud for the gas turbine
engine (e.g., shroud 113), or may be a component of the
combustor.

Furthermore, as 1s discussed 1n greater detail below with
reference to the exemplary tlow diagram of FIG. 8, the cold
side wall 138 of the component may be formed using an
additive manufacturing process (also known as rapid proto-
typing, rapid manufacturing, and 3D printing). For example,
in certain exemplary aspects, the cold side wall 138 of the
component (defining the thermal stress relief slot 148) may
be formed using selective laser sintering (SLS), direct metal
laser sintering (DMLS), electron beam melting (EBM),
diffusion bonding, or selective heat sintering (SHS). Addi-
tionally, 1n certain embodiments, the connection walls 140
may also be formed integrally with the cold side wall 138
using an additive manufacturing process. Further, in still
other embodiments, the hot side wall 136 may also be
formed integrally with the connection walls 140 and cold
side wall 138 using an additive manufacturing process. A
component formed 1n accordance with one or more these
embodiments may allow for the cold side wall 138 to define
the relatively fine details described herein.

Referring now to FIG. 8, a flow diagram of a method for
manufacturing a component for a gas turbine engine 1s
provided. The gas turbine engine may be configured in
substantially the same manner as the exemplary turbofan
engine 12 described above with reference to FIG. 1. Accord-
ingly, the exemplary gas turbine engine may define in part
a core air flowpath.

As depicted, the exemplary method (200) includes at
(202) forming a hot side wall to be exposed to the core air
flowpath. Additionally, the exemplary method (200)
includes at (204) forming a plurality of connection walls.
The plurality of connection walls formed at (204) are rigidly
connected to or are formed integrally with the hot side wall
formed at (202). Further, the exemplary method (200) of
FIG. 8 mcludes at (206) forming a cold side wall using an
additive manufacturing process. The cold side wall formed
at (206) 1s rigidly connected to or 1s formed integrally with
the connection walls formed at (204). The cold side wall 1s
spaced from the hot side wall and defines a cooling air cavity
together with the connection walls and the hot side wall. The
cold side wall 1s formed at (206) to define a thermal stress
relief slot for at least partially accommodating relative
thermal expansion between the hot side wall and the cold
side wall.

Notably, 1n certain exemplary aspects, one or more of the
connection walls and hot side wall may be formed integrally
with the cold side wall using an additive manufacturing
process. For example, 1n certain exemplary aspects, forming
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the plurality of connection walls at (204) may include
forming the plurality of connection walls integrally with the
cold side wall formed at (206) using an additive manufac-
turing process. Additionally, 1n certain exemplary aspects,
forming the hot side wall at (202) may further include
forming the hot side wall integrally with the cold side wall
and the connection walls using an additive manufacturing
process. Accordingly, 1n such an embodiment, the entire
component may be formed integrally using an additive
manufacturing process.

A component for a gas turbine engine formed in accor-
dance with one or more the exemplary aspects described
herein may allow for the component to define the relatively
fine details of certain of the exemplary embodiments
described herein. For example, a component for a gas
turbine engine formed 1n accordance with one or more of the
exemplary aspects described herein may include a thermal
stress relief slot to relieve a thermal stress within the
component due to a relative temperature diflerential between
certain aspects of the component, without substantially
altering cooling airflow patterns therethrough.

This written description uses examples to disclose the
invention, including the best mode, and also to enable any
person skilled in the art to practice the invention, including,
making and using any devices or systems and performing,
any incorporated methods. The patentable scope of the
invention 1s defined by the claims, and may include other
examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the claims
if they include structural elements that do not differ from the
literal language of the claims, or 1f they include equivalent
structural elements with insubstantial differences from the
literal languages of the claims.

What 1s claimed 1s:

1. A component for a turbomachine, the turbomachine
defining in part a core air flowpath, the component com-
prising:

a hot side wall exposed to the core air flowpath when

installed 1n the gas turbine engine;

a plurality of connection walls; and

a cold side wall spaced from the hot side wall and rigidly

connected to the hot side wall through the plurality of

connection walls, the hot side wall, connection walls,
and cold side wall together defining a cooling air cavity,
the cold side wall defining a thermal stress relief slot for
at least partially accommodating a relative thermal
expansion between the hot side wall and the cold side
wall, wherein the cold side wall further defines a
plurality of impingement holes to allow a cooling
airflow 1nto the cooling air cavity;

wherein the component 1s an airfoil for the gas turbine
engine, wherein the airfoil defines a spanwise direction,
wherein the hot side wall and the cold side wall each
extend along the spanwise direction of the airfoil, and
wherein the thermal stress relief slot also extends along
the spanwise direction of the airfoil, wherein the ther-
mal stress relief slot defines a width 1n a direction
perpendicular to the spanwise direction, and wherein
the width 1s less than about one millimeter.

2. The component of claim 1, wherein the airfoil 1s for a

turbine section of the gas turbine engine.

3. The component of claam 1, wheremn the plurality of

connection walls extend along the spanwise direction,
wherein the thermal stress reliet slot defined by the cold side
wall are defined at a location substantially equidistant
between the first and second connection walls.

10

15

20

25

30

35

40

45

50

55

60

65

12

4. The component of claim 1, wherein the cold side wall
further defines a plurality of thermal stress relief slots,
wherein the airfoi1l defines a spanwise height, wherein the
cold side wall extends substantially along an entirety of the
spanwise height, and wherein the plurality of thermal stress
relief slots together extend substantially along an entirety of
the spanwise height.
5. The component of claim 1, wherein the hot side wall
defines a plurality of cooling holes for allowing a cooling
airflow from the cooling air cavity through the hot side wall.
6. The component of claim 1, wherein the component 1s
a nozzle section of a nozzle stage for the gas turbine engine,
and wherein the hot side wall and cold side wall form an
endwall of the nozzle section.
7. The component of claim 1, wherein the width 1s less
than or equal to about 0.025 millimeters.
8. The component of claim 4, wherein the plurality of
connection walls includes a first connection wall and a
second connection wall, the second connection wall posi-
tioned adjacent to the first connection wall, and wherein the
cold side wall further defines a plurality of thermal stress
relief slots positioned between the first and second connec-
tion walls for at least partially accommodating a relative
thermal expansion between the hot side wall and the cold
side wall.
9. The component of claam 8, wherein the plurality of
thermal stress relief slots includes a first thermal stress relief
slot and a second thermal stress reliet slot arranged along the
spanwise direction, and wherein the cold side wall includes
a break between the first and second thermal stress relief
slofts.
10. The component of claim 9, wherein the component
defines a contiguous cooling air cavity section between the
cold side wall, the hot side wall, and the first and second
connection walls, and wherein the plurality of thermal stress
relief slots extend along the contiguous cooling air cavity
section along the spanwise direction.
11. The component of claim 1, wherein the airfoil defines
a spanwise height along the spanwise direction, wherein the
cold side wall extends substantially along an entirety of the
spanwise height, and wherein the thermal stress relief slot
also extends substantially along an entirety of the spanwise
height.
12. The component of claim 1, wherein the width 1s less
than or equal to about 0.5millimeters.
13. A turbomachine comprising;:
a turbine section defining 1n part a core air tlowpath; and
a component comprising
a hot side wall exposed to the core air flowpath;
a plurality of connection walls; and

a cold side wall spaced from the hot side wall and rigidly
connected to the hot side wall through the plurality of
connection walls, the hot side wall, connection walls,
and cold side wall together defining a cooling air cavity,
the cold side wall defining a thermal stress relief slot for
at least partially accommodating a relative thermal
expansion between the hot side wall and the cold side
wall,

wherein the component 1s an airfoil, wherein the airfoil

defines a spanwise direction and a spanwise height
along the spanwise direction, wherein the hot side wall
and the cold side wall each extend along the spanwise
direction of the airfoil, and wherein the thermal stress
relief slot also extends along the spanwise direction of
the airfoil, wherein the cold side wall and the thermal
stress reliel slot each extend substantially along an
entirety ol the spanwise height, wherein the thermal
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stress relief slot defines a width 1n a direction perpen-
dicular to the spanwise direction, and wherein the
width 1s less than about one millimeter.

14. The component of claim 13, wherein the width 1s less
than or equal to about 0.5 millimeters.

15. A component for a turbomachine, the turbomachine
defining in part a core air flowpath, the component com-
prising;:

a hot side wall exposed to the core air flowpath when

installed 1n the gas turbine engine;

a plurality of connection walls; and

a cold side wall spaced from the hot side wall and rigidly

connected to the hot side wall through the plurality of
connection walls, the hot side wall, connection walls,
and cold side wall together defining a cooling air cavity,
the cold side wall defining a plurality of thermal stress
reliel slots for at least partially accommodating a
relative thermal expansion between the hot side wall
and the cold side wall;

wherein the component 1s an airfoil for the gas turbine

engine, wherein the airfo1l defines a spanwise direction

and a spanwise height, wherein the hot side wall and
the cold side wall each extend along the spanwise

14

direction of the airfo1l, wherein the plurality of thermal
stress relief slots also extend along the spanwise direc-
tion of the airfoil and together extend substantially
along an entirety of the spanwise height, wherein the
plurality of thermal stress relief slots each define a
width 1n a direction perpendicular to the spanwise
direction, wherein the width 1s less than about one
millimeter.

16. The component of claim 15, wherein the plurality of

10 thermal stress relief slots includes a first thermal stress reliet

15
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slot and a second thermal stress relief slot arranged along the
spanwise direction, and wherein the cold side wall includes
a break between the first and second thermal stress relief
slots.

17. The component of claim 15, wherein the component
defines a contiguous cooling air cavity section between the
cold side wall, the hot side wall, and the first and second
connection walls, and wherein the plurality of thermal stress
relief slots extend along the contiguous cooling air cavity
section along the spanwise direction.

18. The component of claim 135, wherein the width 1s less
than or equal to about 0.5 millimeters.
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